PED is not consistent among previous studies and a decrease in visual acuity of more than 15 letters is still seen in 5% to 15% of treated patients [7, 11, 14] . The reason for the inconsistent therapeutic effect may be due to the less than optimal dosage of CDAV in PED treatment. Increasing the dosage of anti-VEGF may be required for PED non-responsive to CDAV. An animal study performed on monkeys supports the evidence for high dose anti-VEGF (HDAV) intended to reach high concentrations, in which the intravitreal maximal concentration of ranibizumab was 3.6 fold higher in the 2.0 mg dosage group compared to the 0.5 mg dosage group [15] .
This study sought to determine the effects of high dose bevacizumab for refractory PED previously, but unsuccessfully treated with CDAV. Specifically, the changes in visual acuity, central foveal thickness, and PED height after CDAV and HDAV were investigated.
Materials and Methods
The charts of patients diagnosed with neovascular AMD patients from the Retina Center of Nune Eye Hospital were reviewed. This study was approved by the institutional review board of the Nune Eye Hospital.
The following were the inclusion criteria used to identify subjects: patients diagnosed with neovascular AMD at an age of more than 50 years; and patients with persistent PED on spectral domain-optical coherence tomography (SD-OCT; Spectralis OCT, Heidelberg Engineering, Heidelberg, Germany) despite having six or more prior injections at 4-to 6-week intervals with CDAV (bevacizumab [Avastin, 1.25 mg/0.05 mL; Genentech, South San Francisco, CA, USA] or ranibizumab [Lucentis, 0.5 mg/0.05 mL; Genentech]). Patients with diabetic retinopathy, retinal vein occlusion, and other disorders invading the macular region were excluded. Those who had a history of ophthalmological surgery within the previous 3 months were also excluded.
The data from visual acuity tests using an Early Treatment Diabetic Retinopathy Study chart, intraocular pressure measurements, slit lamp examinations, fundus examinations using indirect ophthalmoscope, fundus photography, fluorescein angiography, and SD-OCT were reviewed on all included subjects. Central foveal thickness was measured through a program in SD-OCT. The PED height was measured with a computerized ruler from the base to the top of the PED in the sub fovea.
In the vitreous cavity of each eye, a dosage of increased bevacizumab 5.0 mg/2.0 mL was injected. Proparacain was dropped in the eye and wiped off with 5% betadine. Opening the eyelids with a speculum, a few drops of 5% betadine were added. After a 90-second wait to allow for the 5% betadine to dry, the pars plana was punctured 3 to 4 mm away from the limbus using an insulin syringe and a 30-guage needle and the prepared bevacizumab was slowly injected. The injected site was pressed with a cotton swab to prevent withdrawal of the medication. All subjects were given a drop of moxifloxacin 0.5% eyedrop (Vigamox; Alcon Laboratories, Fort Worth, TX, USA).
On the first day, seventh day, and fourth week of injections, subjects visited the clinic and underwent slit lamp examinations, visual acuity tests, and intraocular pressure measurements. Visual acuity testing and SD-OCT at 1-month intervals and angiography at 3-month intervals were performed. The changes in visual acuity, central foveal thickness, and PED height before and after CDAV and HDAV were analyzed using the paired t-test (SPSS ver. 15.0; SPSS Inc., Chicago, IL, USA).
Results
A total of 22 males and 9 females were included and 31 eyes analyzed. The mean age was 67.7 ± 6.4 years (range, 56 to 82 years). Before HDAV, the mean number and duration of CDAV was 12.1 ± 8.6 times (range, 7 to 34 times) and 26.1 ± 21.2 months (range, 9 to 60 months). The mean number and duration of HDAV (bevacizumab 5.0 mg) was 3.4 ± 0.8 times (range, 3 to 7 times) and 4.1 ± 1.0 months (range, 3 to 7 months) ( Table 1) .
After CDAV, the best-corrected visual acuity in logarithm of the minimum angle of resolution changed from 0.45 ± 0.48 to 0.49 ± 0.43 (mean best-corrected visual acuity change, 0.05 ± 0.24; p = 0.278) with no significant difference. After HDAV, the best-corrected visual acuity was 0.41 ± 0.42 showing a significant improvement with a mean of 0.08 ± 0.12 ( p < 0.001) (Fig. 1) .
After CDAV, the mean central foveal thickness increased from 321.03 ± 90.01 to 330.06 ± 106.01 µm with no significant difference (mean thickness change, 9.03 ± 77.48 µm; p = 0.521). After HDAV, the mean central foveal thickness decreased from 330.06 ± 106.01 to 311.10 ± 112.73 µm with no significant difference (mean thickness change, 18.79 ± 66.83 µm; p = 0.125) (Fig. 2) .
After CDAV, the mean PED height decreased from 277.46 ± 199.44 to 230.28 ± 134.36 µm with no significant difference (mean height change, 47.17 ± 39.44 µm; p = 0.529). After HDAV, the mean PED height significantly decreased from 230.28 ± 134.36 to 204.07 ± 142.28 µm (mean height change, 18.79 ± 66.83 µm; p = 0.014) (Fig. 3) . Quantitative OCT analysis showed a decrease in the PED height of more than 50 µm in 51.6% (16 / 31) of eyes. Complete resolution of PED was seen in two eyes.
During the follow-up period, side effects such as a conjunctival hemorrhage were seen in 9.4% of patients, vitreous f loaters in 6.5%, increased intraocular pressure in Values are presented as number or mean ± standard deviation (range). CDAV = conventional dose anti-vascular endothelial growth factor; HDAV = high dose anti-vascular endothelial growth factor. 3.2%, and a foreign body sensation in 12.9%. However, systemic problems were not noted ( Table 2) .
Case 1
A 64-year-old man with AMD complicated by PED in the right eye and a visual acuity of 20 / 100 was injected with CDAV 28 times (ranibizumab 0.5 mg) during a 40-month period. Subfoveal-vascularized PED persisted with no improvement in visual acuity (Fig. 4A) . Afterwards, bevacizumab 5.0 mg was injected monthly. Three months later, the PED height on SD-OCT was found to be decreased and visual acuity improved to 20 / 80 (Fig. 4B) .
Case 2
A 72-year-old woman with AMD complicated by PED in the left eye was injected with CDAV 10 times (ranibizumab 0.5 mg × 3, bevacizumab 1.25 mg × 7) during a 10-month period. After several injections of CDAV, visual acuity slightly improved from 20 / 125 to 20 / 100, but PED findings on SD-OCT persisted (Fig. 5A-5C ). After two monthly injections of bevacizumab 5.0 mg, PED was found to be significantly decreased and visual acuity improved to 20 / 50 (Fig. 5D ).
Discussion
The pathogenesis of PED formation in AMD is not completely understood, but likely involves the penetration of CNV through Bruch's membrane into the sub-RPE space with secondary extravasation of fluid or blood, and an increase in hydrostatic pressure that separates the RPE from the underlying Bruch's membrane [12] .
The clinical implication of PED is seen in the worsening of visual acuity during its natural course. Nearly 50% of patients with newly diagnosed untreated PED experienced a loss of more than 15 letters during a mean observation period of 1 year [16] . Casswell et al. [17] reported functional worsening in most of their patients with PED after 1 year of observation. However, there is no consensus on the therapeutic effect or even on the need for active treatment for PED. There have been few studies reporting on the effect of anti-VEGF drugs for PED, and of those that have been done, results show varying levels of effectiveness [18] [19] [20] [21] [22] .
The optimal dosage of anti-VEGF with the lowest toxicity and highest therapeutic effect for PED treatment is not established. In clinical practice, patients with PED and no improvement on CDAV (bevacizumab 1.25 mg or ranibizumab 0.5 mg) are commonly encountered. According to the report of the CATT Research Group [9] , among patients who received ranibizumab 0.5 mg monthly, 50% showed persistent fluid and 7% had residual PED. It is unknown why some eyes with neovascular AMD dry up anatomically with fewer injections of anti-VEGF, but up to half have OCT finding of disease activity even with con- A B tinuous monthly injection [9] . It is possible that some patients may require a higher concentration of VEGF blockade to achieve disease quiescence or may have faster clearance of anti-VEGF drug from their vitreous cavity. A higher dosage of anti-VEGF drug should theoretically address both hypothetical mechanisms.
The effect of a higher dosage of anti-VEGF drug for AMD is inconsistent across many studies. Modarres et al. [23] reported that bevacizumab 2.5 mg has the same therapeutic effect as bevacizumab 1.25 mg, but with more toxicity such as vitreous reactions. Wu et al. [24] studied 25 eyes and concluded that bevacizumab 1.25 and 2.5 mg showed similar effects. In the HARBOR study, ranibizumab 2.0 mg did not show improvements in visual acuity compared with conventional dosages [25] .
On the other hand, Costa et al. [26] reported improvements in CNV secondary to AMD with bevacizumab 1.5 mg and 2.0 mg compared with 1.0 mg. Chan et al. [27] saw dramatic improvements in vascularized PED patients with ranibizumab 2.0 mg. Recently, the super dose anti-VEGF trials [28] for recalcitrant neovascular AMD patients showed that monthly injected ranibizumab 0.5 mg was associated with anatomical improvements and visual recovery after ranibizumab 2.0 mg. In the PEARL2 trial (unpublished data; Kokame G. Macula Society annual meeting, 2012 Jun, Israel), good results were observed with monthly ranibizumab 2.0 mg for 6 months.
In this study, a decrease in the PED height of more than 50 µm after HDAV treatment was seen in 16 / 31 (51.6%) patients, compared to CDAV treatment (mean 12.1 injections in a mean duration of 26.1 months). However, a substantial proportion of eyes represented by the remainder of the study population (15 / 31, 49.4%) showed an insufficient response. This suggests that PED may represent a common pathway in AMD, rather than a response to reflect the disease's activity, and HDAV may still be an important treatment option in the future for a subset of patients who are more likely to benefit.
There are some reports on the safety of HDAV. Rosenfeld et al. [29] reported that increasing doses up to 2.0 mg ranibizumab were well tolerated and demonstrated a beneficial clinical effect. Manzano et al. [30] injected more than 5.0 mg of bevacizumab in rabbit eyes and observed vitreous inflammation but no signs of retinal toxicity, electrophysiologically or histologically. In several animal studies [30] [31] [32] , rabbits injected with bevacizumb with doses ranging from 1.25 to 5.0 mg showed no toxicity on eletroretinogram or histological examination.
There are some limitations of the present study. First, because this was not a prospective controlled trial, the injections intervals were not consistent in the subjects. Second, this study included a sample size of only 31 eyes and the findings may not be applied generally. Third, the follow-up period of the subjects was relatively short. This study indicates significant efficacy of HDAV for PED treatment without systemic side effects. The study subjects were a homogenous ethnic group of Koreans. To date, no large studies on the efficacy of HDAV for PED treatment have been conducted and the promising results from the present study may encourage prospective studies in a larger group.
In conclusion, the administration of higher anti-VEGF dosages for PED in AMD patients who do not respond to conventional dosages is an option worth considering. Prospective case control studies should be done to validate this treatment.
